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ROTOR HEAD FOR A^ROTARY-WING AIRCRAFT 



Field of the Invention 

[0001] The present invention relates to rotary- wing aircraft such as 

heUcopters, More particularly, the invention relates to a rotor head for a rotary- wing 
aircraft that permits the relative orientation between the rotor blades and the fiiselage 
of the rotary-wing aircraft to be varied. 

Background of the Invention 

[0002] Rotary-wing aircraft such as helicopters typically comprise a fiiselage, 

a tail boom fixedly coupled to and extending fi-om the fiiselage, a pylon fixedly 
coupled to an end of the tail boom, an engine and transmission mounted on the 
fiiselage, and a rotor system coupled to the engine and transmission by a rotatable 
mast (drive shaft). 

[0003] The rotor head comprises a centrally-located hub to which the rotor 

blades are mechanically coupled. The rotor blades generate lift that suspends the 
fiiselage below the rotor blades during flight. The overall lift is typically controlled 
by a collective control that collectively varies the pitch of the rotor blades. 
Directional control of the helicopter is usually achieved, in part, by a cyclic control 
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that varies the pitch of each rotor blade on a cycUc basis so as to asymmetrically vary 
the overall lift. 

[0004] The plane of rotation of the rotor blades, in general, must be tilted 

forward for the helicopter to fly in the forward direction. Helicopters are often 
constructed so that the plane of rotation of the rotor blades is angled in relation to the 
longitudinal axis of the ftiselage (this angle is commonly referred to as "mast tilt"). 
[0005] Mast tilt, under certain conditions, can allow the fuselage to remain 

level, or nearly level, in relation to the direction of flight. Operating a helicopter in 
this manner is desirable because the aerodynamic drag exerted on the ftiselage is 
believed to be at or near its minimum when the ftiselage is level in relation to the 
direction of flight. Achieving a desired airspeed under other operating conditions, 
i.e., at other airspeeds, weights, weight distributions, etc., may necessitate tilting the 
plane of rotation of the rotor blades to an extent that causes the ftiselage to be angled 
to a substantial degree in relation to the direction of flight. Operating a helicopter 
with a substantial angle between the ftiselage and the direction of flight can lead to 
excessive drag and a reduction in the maximum airspeed achievable at a given 
operating condition. 

[0006] Rotor heads that allow the plane of rotation of the rotor blades to vary 

in relation to the drive shaft (and the ftiselage) have been developed. These types of 
rotor heads, however, are typically "firee-floating" systems. In other words, the 
relative orientation of the rotor blades and the ftiselage is detemiined, to a large 
extent, by the aerodynamic forces acting on the rotor blades. Hence, these types of 
systems do not facilitate positive control of the angle between the rotor blades and the 
ftiselage so as to permit the angle to be optimized to achieve minimum drag and 
maximum airspeed for the helicopter. 

[0007] The concept of a rotor head that incorporates a universal-joint-type 

mechanism to pivotally couple the rotor blades to the mast has been developed. The 
use of a universal-joint-type mechanism in such an application can subject a 
' helicopter to excessive vibration, however, as universal joints typically generate 
harmonic vibrations when used to transmit torque between two non-aligned shafts. 
[0008] Flexible materials, such as elastomeric materials, have been used in 

rotor heads to facilitate varying the angle between the plane of rotation of the rotor 
blades and the ftiselage. Flexible materials are generally unsuited for the high stresses 
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that may be generated in such load-bearing applications, however. Hence, the use of 
such materials in this manner can adversely affect the durability, reliability, and safety 
of the rotor head. 
Summary of the Invention 

[0009] A preferred embodiment of a rotor head for a rotary-wing aircraft 

having a plurality of rotor blades and a drive shaft comprises a gimbal mechanically 
coupled to the drive shaft so that the gimbal rotates with the drive shaft, and a hub 
pivotally coupled to the gimbal for receiving the rotor blades. The rotor head also 
comprises an actuator mechanically coupled to the hub for causing the hub to pivot 
about the gimbal. 

[0010] Another preferred embodiment of a rotor head for a rotary- wing 

aircraft having a plurality of rotor blades and a drive shaft comprises a gimbal secured 
to the drive shaft, a hub pivotally coupled to gimbal and comprising a plurality of 
sleeves for receiving the rotor blades, and a swash plate assembly having a first 
portion secured to the hub. The rotor head also comprises a screw jack mechanically 
coupled to a second portion of the swash plate assembly so that extension and 
retraction of the screw jack causes an orientation of the swash plate assembly and the 
hub to change in relation to the drive shaft. 

[0011] A preferred embodiment of a rotor assembly for a rotary- wing aircraft 

comprises a plurality of rotor blades, a drive shaft, and a constant- velocity joint 
mechanically coupling the rotor blades to the drive shaft. The constant velocity joint 
is restrained fi-om pivoting in relation to the drive shaft by an actuator and a swash 
plate assembly. 

[0012] Another preferred embodiment of a rotor head for a rotary- wing 

aircraft having a plurality of rotor blades and a drive shaft comprises a gimbal secured 
to the drive shaft, and a hub comprising a plurality of sleeves for receiving the rotor 
blades. The hub is mechanically coupled to the gimbal and an actuator and the hub 
pivots about the gimbal on a selective basis in response to movement of the actuator. 
[0013] A preferred method for controlling an angle between a plane of 

rotation of rotor blades of a rotary- wing aircraft and a drive shaft that transmits torque 
to the rotor blades comprises providing a constant- velocity joint for mechanically 
coupling the rotor blades and the drive shaft, and causing the rotor blades to pivot in 
relation to the drive shaft by way of the universal joint using an actuator. 
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[0014] A preferred method is provided for operating a rotary-wing aircraft 

having a fuselage, and plurality of rotor blades mechanically coupled to a hub of a 
rotor head, wherein the rotor blades and the hub rotate in relation to the fuselage. The 
preferred method comprises altering an angle between a plane of rotation of the rotor ^ 
blades and the fuselage, and locking a plane of rotation of the rotor blades in a 
particular orientation in relation to the fuselage. 

Brief Description of the Drawings 

[0015] The foregoing summary, as well as the following detailed description 

of a presently-preferred embodiment, is better understood when read in conjunction 
with the appended diagrammatic drawings. For the purpose of illustrating the 
invention, the drawings show an embodiment that is presently preferred. The 
invention is not limited, however, to the specific instrumentalities disclosed in the 
drawings. In the drawings: 

[0016] Fig. 1 is a side view of a helicopter comprising a preferred 

embodiment of a rotor head; 

[0017] Fig. 2 is a magnified cross-sectional view of the area 

designated "A" in Fig. 1, depicting the rotor head in a level orientation; 
[0018] Fig. 3 is a cross-sectional side view of the rotor head shown in 

Figs. 1 and 2, depicting the rotor head in an orientation tilted in the forward direction; 
[0019] Fig. 4 is a cross-sectional side view of the rotor head shown in 

Figs. 1-3, depicting the rotor head in an orientation tilted in the rearward direction; 
[0020] Fig. 5 is a magnified view of the area designated "B" in Fig. 2; 

[0021] Fig. 6 is a top view of a hub of the rotor head shown in Figs. 1- 

5; and 

[0022] Fig. 7 is a cross-sectional side view of an altemative 

embodiment of the rotor head shown in Figs. 1-6. 

Description of Preferred Embodiments 

[0023] A preferred embodiment of a rotor head 10 is depicted in Figures 1-6. 

The rotor head 10 can be used as part of the rotor system 100 of a helicopter 101. 
Specific details relating to the helicopter 101 (other than details of the rotor head 10) 
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are presented for exemplary purposes only, as the rotor head 10 can be used in 
"conjunction with virtually any t>pe of rotary-wing aircraft. 
[0024] The rotor head 10 comprises a hub 12, a gimbal (pivot) 14, and a 

plurality of ball bearings 16. The hub 12 comprises a body 17 having a plurality of 
sleeves 23 formed therein (see Figure 6). 

[0025] The rotor system 100 further comprises a plurality of rotor blades 102. 

An end of each rotor blade 102 is secured within a corresponding one of the sleeves 
23 in a conventional manner so that the rotor blade 102 can pivot about its 
longitudinal axis in relation to the hub 12. The hub 12 and the rotor blades 102 rotate 
in a counterclockwise direction (when viewed from above), about an axis passing 
substantially through the center of the hub 12. (The helicopter 101 comprises three of 
the rotor blades 102. This particular configuration is presented for exemplary 
purposes only, as the rotor head 10 can be adapted for use with helicopters having 
more or less than three rotor blades.) 

[0026] The rotor system 100 also comprises a drive shaft (mast) 104 for 

transmitting torque to the rotor system 100. The drive shaft 104 is preferably has a tilt 
of approximately seven degrees. In other words, the centerline of the drive shaft 104 
is preferably oriented at an angle of approximately eighty-three degrees in relation to 
the longitudinal centerline of the helicopter 101 (the longitudinal centerline of the 
helicopter 101 is denoted in the figures by the reference symbol "CI"). (The optimal 
value for the tilt of the drive shaft 104 is application independent. A specific value 
for this parameter is specified for exemplary purposes only.) 
[0027] The gimbal 14 is fixedly coupled to the drive shaft 104 so that the 

gimbal 14 rotates with the drive shaft 104 (see Figure 2). The interface between the 
gimbal 14 and the drive shaft 104 can be configured as a spline (or other suitable 
configuration) to facilitate the transmission of torque firom the drive shaft 104 to the 
gimbal 14. The gimbal 14 can be secured to the drive shaft 104 by any suitable means 
such as threads, clamps, etc. 

[0028] The hub 12 is pivotally coupled to the gimbal 14 by way of the ball 

bearings 16. Moreover, the torque transmitted through the drive shaft 104 is 
transmitted to the hub 12 (and the rotor blades 102) by way of the ball bearings 16, 
The hub 12, gimbal 14, and ball bearings 16 comprise a constant velocity joint 25 that 
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permits the plane of rotation of the rotor blades 1 12 to be varied in relation to the 
drive shaft 104, as explained in detail below. 

[0029] The hub 12 is biased toward its level position by a spring 19 (see 

Figures 2-4). (The "level" position of the hub 12 corresponds to a position in which 
the plane of rotation of the hub 12 is approximately perpendicular to the drive shaft 
104, as shown in Figure 2,) The spring 19 is positioned above the hub 12, and acts 
against an elastomeric bumper 21 that extends circumferentially along an upper 
surface of the body 17 of the hub 12. The spring 19 is secured in position by a hub 
nut 20 coupled to an upper end of the drive shaft 104 by a suitable means such as 
threads. 

[0030] The helicopter 100 also comprises a fiiselage 108 and a tail boom 

(empennage) 110. The tail boom 1 10 is fixedly coupled to, and extends rearward 
from the fiiselage 108 (from the perspective of Figure 1). The fiiselage 108 includes a 
cabin 112 that accommodates a pilot, passengers, and cargo. The helicopter 100 
fiuther comprises a pylon 114 fixedly coupled to a rearward end of the tail boom 110. 

[0031] The helicopter 101 also comprises a first and a second engine 116, 
and a transmission (gearbox) 118. The first and second engine 116 and the 
transmission 1 18 are mounted on the fiiselage 108. The drive shaft 104 is coupled to 
the transmission 1 18 so that torque generated by the engines 116 imparts rotation to 
the drive shaft 104. The drive shaft 104 extends through a collar 119 mounted on the 
transmission 118. Rotation of the drive shaft 104 rotation to the hub 12 and the rotor 
blades 102. The rotor blades 102 generate lift that suspends the fiiselage 108 below 
the rotor blades 102 and the rotor head 10 during flight. 

[0032] The lift generated by each rotor blade 102 is related to the orientation 

of the rotor blade 102 in relation to its direction of travel. More particularly, 
increasing the pitch of each rotor blade 102 in relation to its direction of travel 
increases the angle of attack of the rotor blade 102, and thereby increases the lift 
generated by the rotor blade 102. 

[0033] The main rotor assembly 100 further comprises a first swash plate 

assembly 122, a plurality of rotating control tubes 124, and a plurality of non-rotating 
control tubes 123 (see Figure 2). The first swash plate assembly 122 comprises a non- 
rotating swash plate 122a and a rotating swash plate 122b each positioned aroimd the 
drive shaft 104. The first swash plate assembly 122 also comprises a plurality of 
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bearings 122c positioned between the rotating swash plate 122b and the non-rotating 
swash plate 122b. 

[0034] The first swash plate assembly 122 is coupled to the collar 1 19 by a 

conventional gimbal (pivot) 126. The gimbal 126 permits the first swash plate 
assembly 122 to pivot in relation to the collar 119 and the drive shaft 104. 
[0035] The rotating control tubes 124 are coupled to the rotating swash plate 

122b so that vertical movement of all or a portion of the rotating swash plate 122b 
induces a corresponding vertical movement in one or more of the rotating control 
tubes 124. Each rotating control tube 124 is also coupled to a respective one of the 
rotor blades 102 so that vertical movement of the rotating control tube 124 causes the 
corresponding rotor blade 102 to pivot in relation to the hub 12, thereby altering the 
angle of attack of the rotor blade 102. 

[0036] It should be noted that directional terms such as "vertical," "upward," 

"downward," etc. are used in reference to the component orientations depicted in 
Figures 1 and 2. These terms are used for illustrative purposes only, and are not 
intended to limit the scope of the appended claims. 

[0037] The non-rotating control tubes 123 are coupled to the non-rotating 

swash plate 122b so that vertical movement of one or more of the non-rotating control 
tubes 123 induces a corresponding vertical movement in all or a portion of the non- 
rotating swash plate 122b. 

[0038] The helicopter 101 fiuther comprises a conventional cyclic control 

that, in conjxmction with a conventional tail rotor 129, provides directional control for 
the helicopter 100. The cyclic control comprises a control stick 130 mounted in the 
cabin 1 12 proximate the pilot's position, and a mechanical linkage 132 coupled to the 
control stick 130 and the non-rotating control tubes 123 (see Figure 1). Movement of 
the control stick 130 fi"om its neutral (centered) position in response to pilot input 
imparts movement to the linkage 132. This movement is transmitted to the non- 
rotating control tubes 123 via the linkage 132, and causes the non-rotating control 
tubes 123 to move upward or downward in a non-uniform manner in relation to the 
hub 12. 

[0039] The non-uniform vertical movement of the non-rotating control tubes 

123 causes the non-rotating swash plate 122b to tilt in relation to the fiiselage 108 and 
the hub 12. The non-rotating swash plate 122b imparts a corresponding tilt to the 
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rotating swash plate 122b by way of the bearings 122c. 

[0040] The tilt of the rotating swash plate 122b causes the rotating control 

tubes 124 to move upward and downward on a cyclical basis as the rotating swash 
plate 122b and the rotating control tubes 124 rotate in relation to the non-rotating 
swash plate 122a. The cyclical movement of each rotating control tube 124 in the 
vertical direction causes the rotor blade 102 coupled thereto to deflect in relation to 
the hub 12 on a cyclical basis. In other words, the upward and downward movement 
of the rotating control tubes causes the angle of attack of each rotor blade 102 to vary 
throughout each revolution of the rotor blade 102 around the drive shaft 104. This 
cyclical variation causes the main rotor assembly 100 to generate asymmetric lift. 
The asymmetric lift causes the helicopter 101 to pitch or roll, and thereby provides 
directional control for the helicopter 101. 

[0041] The tail rotor 129 is rdtatably coupled to the pylon 1 14 (see Figure 1). 

The tail rotor 129 is driven by the transmission 1 18 via a first shaft extending between 
the transmission 118 and an intermediate gearbox (not pictured) located within the tail 
boom 110, and a second shaft extending between the intermediate gearbox and the tail 
rotor 129. The tail rotor 129 generates a torque about the yaw axis of the helicopter 
101. This torque counteracts the torque of main rotor assembly 100, and provides 
directional control for the helicopter 101. The helicopter 101 also comprises a 
horizontal stabilizer 132 for stabilizing and trimming the helicopter 100 about its pitch 
axis. (The horizontal stabilizer 132 is depicted as having a movable portion for 
exemplary purposes only. The rotor head 10 can be used in conjimction with rotary- 
wing aircraft having a stabilizer that is fixed in its entirely.) 

[0042] Further details of the rotor head 10 are as follows. The gimbal 14 has a 

plurality of grooves 30 formed in an outer circimiferential surface 14a thereof (see 
Figure 5). The grooves 30 extend substantially in the vertical direction (firom the 
perspective of Figures 1, 2, and 5). 

[0043] The body 17 of the hub 12 has an inner circumferential surface 17a 

(see Figure 6). The surface 17a has a contour that substantially matches the contour 
of the outer circumferential surface 14a of the gimbal 14. The surface 17a defines a 
central opening 34 in the hub 12. The central opening 34 receives the gimbal 14. 
(The body 17 of the hub 12 can be formed as two pieces (or more) joined along a split 
line 13, as shown in Figure 6, to facilitate installation of the hub 12 over the gimbal 
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14.) 

[0044] The gimbal 14 is sized so that minimal clearance exists between the 

surface 14a of the gimbal 14 and the surface 17a of the body 17. (The optimal 
clearance between the surfaces 14a, 17a, is application-dependent. A specific value 
for this parameter therefore is not specified herein.) The interface between the 
surfaces 14a, 17a can be filled with grease or another suitable lubricant to reduce 
friction between the surfaces 14a, 17a. 

[0045] The inner circumferential surface 17a of the body 17 has a plurality of 

grooves 34 formed therein (see Figure 5). (Alternatively, the body 17 can be 
equipped with an insert having the grooves 34 formed therein.) The grooves 34 are 
positioned so that each groove 34 faces a corresponding one of the grooves 30 in the 
gimbal 14. Each associated groove 30 and groove 34 define a race 36. Each race 36 
receives a corresponding one of the ball bearings 16. 

[0046] The head 12 pivots on the ball bearings 16 in relation to the gimbal 14, 

as discussed above. The length of the grooves 30, 34 is preferably selected so that the 
hub 12 can pivot approximately three degrees to either side of its level position. (The 
optimal value for the degree of travel of the hub 12 is application independent. A 
specific value for this parameter is specified for exemplary purposes only.) The rotor 
head 10 can be equipped with stops 37 (see Figure 2) to limit the pivoting motion the 
hub 12 (thereby preventing possible damage to the ball bearings 16 caused by the ball 
bearings 16 being forced against the ends of the grooves 30, 34). 
[0047] The ball bearings 16 also transmit torque from the gimbal 14 to the 

head 12. In particular, the torque imparted to the gimbal 14 from the drive shaft 104 
is imparted to the ball bearings 16 by way of the contacting surface of each associated 
groove 30. The torque imparted to the ball bearings 16, in turn, is imparted to the hub 
12 by way of the contacting surface of each associated groove 36. 
[0048] It should be noted that the above-noted pivoting motion and torque 

transmission between the gimbal 14 and the hub 12 can be facilitated by suitable 
means other than the ball bearings 16. For example, a elongated bearing 16a that 
provides a greater surface area for torque transmission can be used in the altemative 
to the ball bearings 16 (the bearing 16a is depicted in phantom in Figure 5). 
[0049] The rotor head 10 further comprises a second swash plate assembly 18 

and an actuator 22 (see Figure 2-4). The actuator 22 and the second swash plate 
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assembly 18 cooperate to tilt the hub 12 in relation to the drive shaft 104. The second 
swash plate assembly 18 comprises a non-rotating swash plate 18a and a rotating 
swash plate 18b. The rotating swash plate 18b is rotatably coupled to the non-rotating 
swash plate 18a by a plurality of ball bearings 18c, i.e., the rotating swash plate 18b 
can rotate in relation to the non-rotating swash plate 1 8a by virtue of the ball bearings 
18c, in a conventional manner. (The non-rotating swash plate 18a and the rotating 
swash plate 18b are configured in a conventional manner with flanges (not shown) 
that prevent the non-rotating swash plate 18a and the rotating swash plate 18b from 
separating.) 

[0050] The rotating swash plate 18b is fixedly coupled to a lower surface of 

the body 17 of the hub 12 by a suitable means such as conventional fasteners (not 
shown). (The non-rotating swash plate 18a is thus suspended from the rotating swash 
plate 18b and the hub 12.) 

[0051] A first end of the actuator 22 is pivotally coupled to the collar 1 19 by a 

flange 24 and a pin 26. A second end of the actuator 22 is pivotally coupled to a 
flange 28 formed on the non-rotating swash plate 18a, by way of a pin 29. The 
actuator 22 is preferably coupled to a forward-facing portion of the collar 119, and the 
flange 28 is preferably located on a forward portion of the non-rotating swash plate 
18a. This arrangement causes the actuator 22 to extend forward and upward (but not 
laterally) from the collar 119 (from the perspective of Figures 1 and 2). (The actuator 
22 can be coupled to a rearward-facing portion of the collar 119, and the flange 28 
can be located on a rearward portion of the non-rotating swash plate 18a in alternative 
embodiments.) 

[0052] The actuator 22 is preferably an electrically-actuated screw jack, 

although other types of suitable actuators can be used in the alternative. The actuator 
22 extends or contracts in length between an extend position (Figure 4) and a retracted 
position (Figure 3). The actuator 22 is activated in response to a control input. 
Extension of the actuator 22 exerts an upward force on the flange 28 of the non- 
rotating swash plate 1 8a- Contraction of the actuator 22 exerts a downward force on 
the flange 18a of the non-rotating swash plate 50. 

[0053] The upward force on the flange 28 urges the non-rotating swash plate 

18a upward. The upward force is transmitted to the rotating swash plate 1 8b by way 
of the ball bearings 18c. The rotating swash plate 18b is fixedly coupled the hub 12, 
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as discussed above. The upward force transmitted to the rotating swash plate 18b is 
thus transmitted to the hub 12. 

[0054] The upward force on the second swash plate assembly 18 and the hub 

12 causes the hub 12 to pivot about the gimbal 14. In particular, the ball bearings 16 
travel upward or downward in their respective races 36 in response to the upward 
force on the hub 16 (see Figure 4). The movement of the ball bearings 16 in the races 
36 facilitates the pivoting motion of the hub 16 about the gimbal 14. 
[0055] The actuator 22 extends forward and upward (but not laterally) from 

the collar 1 19, as noted above. This arrangement causes the hub 12 and the attached 
rotor blades 102 to tilt in the rearward direction as the actuator 22 extends, as depicted 
in Figure 4. In other words, the pivoting motion of the hub 12 about the gimbal 14 
causes the forward end of the hub 12 to translate upward, and the rearward end of the 
hub 12 to translate downward. The hub 12 and the rotor blades 102 thus tilt 
substantially about an axis extending perpendicular to the centerline CI of the 
helicopter 101. The hub 12 and the rotor blades 102 do not tilt substantially about the 
centerline of the helicopter 101. 

[0056] Moreover, the actuator 22 restrains (locks) the hub 12 in a particular 

orientation (angular position) in relation to the drive shaft 104. In particular, the 
length of the actuator 22 will remain substantially constant until the actuator 22 is 
once again activated. The actuator 22 will therefore restrain or lock the hub 12 (and 
the plane of rotation of the rotor blades 102) in a particular orientation in relation to 
the drive shaft 104 (and the fiiselage 108) until the actuator 22 is again activated. 
[0057] Conversely, contraction of the actuator 22 causes the hub 12 to pivot 

about the gimbal 14 so that the forward end of the hub 12 translates downward, and 
the rearward end of the hub 12 translates upward, as depicted in Figure 3. In other 
words, contraction of the actuator 22 causes the hub 12 and the rotor blades 102 to tilt 
in the forward direction. The actuator 22 will restrain, or lock the hub 12 (and the 
plane of rotation of the rotor blades 102) in a particular orientation in relation to the 
drive shaft 104 until the actuator 22 is once again activated, as discussed above. 
[0058] Torque from the drive shaft 104 is transmitted to the hub 12 and the 

attached rotor blades 102 by way of the gimbal 14 and the ball bearings 16 in the 
manner discussed above, regardless of the tilt angle of the hub 12. 
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[0059] Moreover, the hub 12, gimbal 14, and ball bearings 16 are believed to 

function as a constant velocity joint. In other words, the angular velocity of the hub 
12 and the blades 102 remain substantially constant as the hub 12 and rotor blades 
102 rotate at a given tilt angle. The hub 12, pivot 14, and ball bearings 16 are 
believed to have the effect of a lag hinge that allows the tip speeds of the rotor blades 
102 to remain substantially constant as the rotor blades 102 rotate at a given tilt angle, 
regardless of whether flapping or coning is present in the rotor blades 102. 
[0060] The above-described configuration of the hub 12, gimbal 14, and ball 

bearings 16, it is believed, does not induce oscillatory motion in the rotor blades 102. 
In particular, the behavior of the hub 12, gimbal 14, and ball bearings 16 as a 
constant-velocity joint is believed to eliminate the potential for the rotor blades 102 to 
be subject to harmonic vibrations, as can occur where a universal joint is used to 
transmit torque between two non-aligned shafts. The hub 12, gimbal 14, and ball 
bearings 16 can thus facilitate rotation of the rotor blades 102 at a higher velocity, and 
with less vibration than would be possible if the rotor blades 102 were coupled to the 
drive shaft 104 via a universal joint or similar mechanism. 

[0061] The actuator 22 extends or contracts between its extended and retracted 

positions in response to a control input, as discussed above. The control input is 
preferably an electrical signal generated using a suitable device such as a thumbwheel 
switch 140 responsive to the input of the pilot. (Alternatively, the control input can 
be generated automatically using, for example, a flight data computer of the helicopter 
101.) 

[0062] For example, the pilot of the helicopter 101 can generate a command 

that causes the actuator 22 to tilt the hub 12 forward, i.e., toward the position shown 
in Figure 3, when a high airspeed is desired. (The actuator 22, upon deactivation, also 
locks the hub 12 in a particular orientation, as discussed above.) 
[0063] The tilt of the drive shaft 104 in relation to the centerline CI of the 

helicopter 101 is approximately seven degrees, as noted above. The ability to tilt the 
hub 12 forward by approximately three degrees from its level position, i.e., from the 
position depicted in Figure 2, thus permits the plane of rotation of the rotor blades 102 
to be angled (tilted) by approximately ten degrees in relation to the longitudinal 
centerline CI of the helicopter 101. 
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[0064] Tilting the plane of rotation of the rotor blades 102 by ten degrees 

allows the rotor blades 102 to generate a relatively large amount of forward thrust, 
without the necessity of tilting the fuselage 108 of the helicopter 101 at a large angle 
in relation to the direction of flight. In other words, the additional tilt of the rotor 
blades 102 achievable by pivoting the hub 12 in relation to the drive shaft 104 can 
help to minimize the angle between the centerline CI of the helicopter 101, and the 
direction of flight. Minimizing this angle, it is believed, cm help to maximize the 
airspeed and minimize the fuel consumption of the helicopter 101. 
[0065] Moreover, the behavior of the hub 12, gimbal 14, and ball bearings 16 

as a constant velocity joint, it is believed, can help to minimize the vibrations which 
the rotor blades 102 experience when the hub 12 is tilted in relation to the drive shaft 
104. The use of the rotor head 10 can thus allow the rotor blades 102 to be operated 
at a higher rotational velocity than may otherwise be possible, potentially increasing 
the maximum airspeed of the heUcopter 101. The rotor head 10 can thus facilitate 
positive control of the angle between the fuselage 108 and the plane of rotation of the 
rotor blades 102. The rotor head 10 thus permits the angle between the fuselage 108 
and the plane of rotation of the rotor blades 102 to be optimized for different 
operating conditions of the helicopter 10. 

[0066] The pilot of the helicopter 101 can generate a command that causes the 

actuator 22 to tilt the hub 12 rearward, i.e., toward the position shown in Figure 4, 
when it is desired to hover or land the helicopter 101. (The actuator 22, upon 
deactivation, also locks the hub 12 in a particular orientation, as discussed above.) In 
particular, the plane of rotation of the rotor blades 102 can be tilted rearward by 
approximately three degrees in relation to the centerline CI of the helicopter 101. 
The angle between the plane of rotation and the centerline CI can thus be reduced to 
approximately four degrees. Reducing the noted angle to this value can make it easier 
to control the helicopter 101 in hover, particularly where the center of gravity of the 
helicopter 101 is at or near its aft limit, while permitting a relatively large mast tilt 
(seven degrees) conducive to high-speed flight. 

[0067] The foregoing description is provided for the purpose of explanation 

and is not to be constmed as limiting the invention. While the invention has been 
described with reference to preferred embodiments or preferred methods, it is 
understood that the words which have been used herein are words of description and 
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illustration, rather than words of limitation. Furthermore, although the invention has 
been described herein with reference to particular structure, methods, and 
embodiments, the invention is not intended to be limited to the particulars disclosed 
herein, as the invention extends to all structures, methods and uses that are within the 
scope of the appended claims. Those skilled in the relevant art, having the benefit of 
the teachings of this specification, may effect numerous modifications to the invention 
as described herein, and changes may be made without departing fi-om the scope and 
spirit of the invention as defined by the appended claims. 

[0068] For example. Figure 7 depicts an altemative embodiment of the rotor 

head 10 in the form of a rotor head 200. Components of the rotor head 200 that are 
substantially identical to those of the rotor head 10 are denoted by identical reference 
numerals in the figures. 

[0069] The actuator 24 and the first swash plate assembly 18 of the rotor head 

200 are located on top of the hub 12. Moreover, the actuator 24 is pivotally coupled 
to a stationary shaft 202 that extends through a drive shaft 204. (The drive shaft 204 
rotates in relation to the stationary shaft 202 by way of bearings positioned 
therebetween (the bearings are not shown in Figure 7, for clarity).) 



